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SECTION I 
INTRODUCTION 



1. 1 SCOPE OF MANUAL 



This manual provides a description of the Direct Memory Access Port 
(DMAP) Expander. The expander consists of four printed wiring board as- 
semblies. The description includes a brief discussion of the functional char- 
acteristics of the DMAC, and items which are pertinent to the interfacing of 
device controllers to the expander. 

1.2 REFERENCE DOCUMENTS 

1. 2. 1 DEVICE CONTROLLERS 

Details of device controllers, which interface to the DMAC, are contained in 
a separate manual for each controller. The Direct Memory Access Channel 
Controller Manual, Part Number 966312-9702, also contains a brief intro- 
duction to each controller. 

1.2.2 OTHER DMAC HARDWARE 

The Direct Memory Access Channel Manual, Part Number 966312-9701, con- 
tains an introduction to the various pieces of hardware which are utilized in 
implementing a computer system with the DMAC expander. 

1. 2. 3 DMAC EXPANDER CONFIGURATIONS 

The various motherboards and chassis which have been assembled with the 
four expander cards and the device controllers, are documented in addendums 
to this manual. Each addendum contains a separate configuration with a 
figure depicting the card location and a LOAD LIST, for documenting the 
wiring of the motherboard which interconnects the expander to the device 
controllers. See table 6-1 for a list of the manual addendums. 

1. 3 GENERAL DESCRIPTION 

The Direct Memory Access Port Expander is implemented on the following 
four printed wiring board assemblies. 



Expander 


Part Number 


No. 1 


216700-0001 


No. 2 


216703-0001 


-AT "-» 

iNO. 3 


■"» -i / *-* *"i / /-\ *-\ /-. < 

ilt) IUD-UUU 1 


No. 4 


216709-0001 
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Of the four, two boards (No. 1 and No. 2) are double-ended, with edge con- 
nectors for the cable which interfaces the expanders to the DMA port of the 
computer. The other two boards (3 and 4) are single-edge connector boards. 

1.4 FUNCTION 

The function of the logic contained on the four expander cards is to expand 
the single DMA port of the 960 series or 980 series computers to eight ports, 
each port being functionally identical to the single port. The expander allows 
up to eight DMA device controllers to operate on a priority cycle stealing 
basis with the CPU. The expander identifies the device controller which has 
requested a DMA interrupt by storing a flag for the controller in a fixed 
memory location prior to further memory access by the CPU after the inter- 
rupt has been recognized by the CPU. 

1. 5 ELECTRICAL DESCRIPTION 

1. 5. 1 SIGNAL CHARACTERISTICS 

Signal levels are compatible with Texas Instruments Series 54/74 transistor- 
transistor logic (TTL) circuits. The logic ZERO (low) level is 0.0 to +0.4 
volts dc. The logic ONE (high) level is +2.4 to +5. volts dc. 

1. 5. 2 SIGNALS FROM CPU 

Signals originating in the CPU that are buffered and/or used by the Expander 
and routed to the device controllers are given in table 1-1. Data lines are 
supplied in the true sense, and all other lines are supplied in the false sense. 

Table 1-1. Signals from CPU 



Signal 


CPU/Expander 


Expander/ 
Controllers 


Memory Read Data 


17 


lines (twisted-pair line) 


1 7 lines 


Memory Access Grant 


1 


line (twisted-pair line) 


8 lines 


Channel Activate Strobes 


2 


lines (coaxial cable) 


2 lines 


Interrupt Acknowledge 


1 


line (twisted-pair line) 


8 lines 


Data Available 


1 


line (coaxial cable) 


1 line 


Parity Error 


1 


line (twisted-pair line) 


1 line 


System Clock 


1 


line (coaxial cable) 


1 line 


Master Reset 


1 


line (coaxial cable) 


1 line 


Free System Clock 


1 


line (coaxial cable) 


1 line 
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The interface signals are defined in the following paragraphs. Definitions 
are the same for both the CPU/Expander Interface and for the Expander/ 
Controller Interface. 

1. 5. 2. 1 MEMORY READ DATA (TRUE SENSE). These lines are data 
from memory to the device controllers. MRD, 00 is the most significant bit; 
MRD, 15 the least significant bit; and MRD, 16 the parity bit (odd). 

1. 5. 2. 2 MEMORY ACCESS GRANT (FALSE SENSE). As long as Memory 
Access Grant from the CPU is a logic ZERO, the DMAC may access mem- 
ory. Once the DMAC acquires memory access, it is maintained as long as 
a memory access request is present. 

1. 5. 2. 3 CHANNEL ACTIVATE STROBES (FALSE SENSE). One strobe 
accompanies each word of the two-word channel activate sequence. A logic 
ZERO on one of the strobe lines indicates that the corresponding channel 
activate word is stable on the read data lines. 

1.5.2.4 FREE RUNNING CLOCK (FALSE SENSE). This signal, CK3C1, 
is a 4 -MHz clock just as System Clock, however this clock is not inhibited 
during CPU memory refresh. 

1. 5. 2. 5 INTERRUPT ACKNOWLEDGE (FALSE SENSE). A logic ZERO 
indicates that the CPU has recognized an interrupt request, that the Expander 
may store the interrupt word (indicating which channel(s) interrupted), and 
that the interrupting channel(s) may store status. 

1. 5. 2. 6 PARITY ERROR (FALSE SENSE). A logic ZERO indicates that 
the write data sent to the CPU (on a store cycle) was incorrect. This line 
is valid logically only when a device controller uses the parity line to the 
CPU (MWD, 16). 

1. 5. 2. 7 DATA AVAILABLE (FALSE SENSE). A logic ZERO (strobe) on 
the Data Available line indicates that the output (read) data lines are stable. 

1. 5. 2. 8 SYSTEM CLOCK (FALSE SENSE). The system clock signal line 
is a 4 MHz clock from the CPU. This clock is a one -third duty cycle clock 
that remains True for 83 nanoseconds and False for 167 nanoseconds. The 
clock is modified by certain CPU operations, such as memory refresh 
cycles, prior to appearing at the interface. Clock variations are illustrated 
in figure 1-1. Waveforms a through e_ apply to the 960 CPU and waveforms 
a and d apply to the 980 CPU. 

1. 5. 2. 9 MASTER RESET (FALSE SENSE). This signal line is the master 
reset for initialization when required. 
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Figure 1-1. Computer Clock Cycle Variations 

1.5.3 SIGNALS TO CPU 

Signals originating in the device controllers that are buffered and/or used by 
the Expander and routed to the CPU are listed in table 1-2. Data and address 
lines are in the true sense and all other lines are in the false sense. 

The interface signals are defined in the following paragraphs. Definitions 
are the same for both the CPU/Expander Interface and for the Expander/ 
Controller Interface. 
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Table 


1-2. Signals to CPU 




Signal 


C PU / Expande r 


Expander/ 
Controller 


Memory Write Data 


17 lines (twisted-pair line) 


17 lines 


Memory Address 


16 lines (twisted-pair line) 


1 6 lines 


Memory Access Request 


1 line (twisted-pair line) 


8 lines 


Interrupt Request 


1 line (twisted-pair line) 


1 line 


Store Cycle Initiate 


1 line (coaxial cable) 


1 line 


Fetch Cycle Initiate 


1 line (coaxial cable) 


1 line 



1. 5. 3. 1 MEMORY WRITE DATA (TRUE SENSE). These lines are input 
data to memory from the device controllers. MWD, 00 is the most significant 
bit; MWD, 15 is the least significant bit; and MWD, 16 the parity bit (odd). 
Supplying the parity bit is optional since parity is generated in the computer 
before storing in memory. Since these lines are driven by open-collector 
gates, they are normally high. When being driven, these lines are in the 
true sense. 

1. 5. 3. 2 MEMORY ADDRESS (TRUE SENSE). Memory Address lines are 
from the device controller to memory. Since these lines are driven by open- 
collector gates, they are normally high. When being driven, these lines are 
in the true sense. 

1. 5. 3. 3 MEMORY ACCESS REQUEST (FALSE SENSE). A logic ZERO 
indicates that a memory cycle is being requested by a device controller, or 
by the Expander. The Expander output is logic ZERO as long as any mem- 
ory access request from a device controller is a logic ZERO. 

1.5.3.4 INTERRUPT REQUEST (FALSE SENSE). A logic ZERO indicates 
that one or more device controllers has requested an interrupt cycle (re- 
cognition) in order to store status. This signal remains a logic ZERO until 
interrupt recognition is received by the Expander and by the interrupting de- 
vice controller(s). 

1. 5. 3. 5 MEMORY CYCLE INITIATE (FALSE SENSE). A logic ZERO on 
the STORE or FETCH line initiates the appropriate memory cycle. These 
lines are given by the open-collector gates to the Expander, but the Expander 
drives these lines with a power gate into a coaxial cable. 
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1.5.4 EXPANDER SIGNALS 

Table 1-3 is a list of the expander signals that are used to interface the de- 
vice controllers. These signals are found at the bottom (motherboard) end 
of the expander cards or at cable ports of some expansion chassis. 

1. 5. 4. 1 OUTPUT SIGNAL BUFFERING. All output signal lines should be 
buffered if the cable length exceeds 6 feet. Memory Read Data, Memory- 
Access Grant, Interrupt Acknowledge, and Parity Error signal lines should 
be driven into a twisted pair by a noninverting driver (SN7408 or equivalent). 
Cable lengths of 6 feet or less do not require buffering of these lines. The 
Channel Activate Strobes, Data Available, System Clock, and Master Reset 
signal lines require noninverting drivers into 100-ohm coaxial cable. (The 
characteristic impedance may actually be somewhat less than 100 ohms. ) 
These lines should be buffered regardless of cable length. Refer to figure 
1-2. 

1. 5. 4. 2 INPUT SIGNAL BUFFERING. Any signal line which is an open- 
collector output from the external device controller(s) does not require buf- 
fering. This includes Memory Write Data, Memory Address, Memory 
Access Request, and Interrupt Request signal lines. The Store Cycle Initiate 
and the Fetch Cycle Initiate signal lines should be driven by the external de- 
vice controller(s) into 100-ohm coaxial cable and terminated with 100-ohm 
parallel termination, then redriven by a (net) noninverting open-collector 
driver. Cable length should never exceed 20 feet. 

1.5.5 POWER REQUIREMENTS 

The DMAP Expander logic requires a maximum of 3.0 amperes at 5 volts 
dc. The logic for the standard DMAC Expansion Option (exclusive of cable 
port buffering) requires a maximum of 11. amperes at 5 volts dc. 

Table 1-3. Expander Bottom Edge Signal Connections 



Signature 


Connector 


Pin 


Description/ Comment 


AG, 0- 


CB004 


6 


Access 


Grant, 


Channel 


AG, 1- 


CB003 


57 


Access 


Grant, 


Channel 1 


AG,2- 


CB004 


3 


Access 


Grant, 


Channel 2 


AG,3- 


CB004 


7 


Access 


Grant, 


Channel 3 


AG,4- 


CB004 


5 


Access 


Grant, 


Channel 4 


AG,5- 


CB004 


8 


Access 


Grant, 


Channel 5 


AG,6- 


CB004 


28 


Access 


Grant, 


Channel 6 
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Table 1-3. Expander Bottom Edge Signal Connections (Continued) 



Signature 



AG,7- 

IRECOG.0- 

IRECOG, 1- 

IRECOG,2- 

IRECOG, 3- 

IRECOG,4- 

IRECOG,5- 

IRECOG.6- 

IRECOG,7- 

ARDEV,0- 

ARDEV, 1- 

ARDEV, 2- 

ARDEV, 3- 

ARDEV.4- 

ARDEV,5- 

ARDEV,6- 

ARDEV, 7- 

DEVMWD, 00 
DEVMWD, 01 
DEVMWD, 02 

xJ-h, v ivi vv U, UJ 

DEVMWD, 04 
DEVMWD, 05 



Connector 



Pin 



CB004 
CB003 
CB003 
CB003 
CB003 
CB003 
CB003 
CB003 
CB003 
CB004 



De s c ription/ Comment 



17 
61 
63 
67 
65 
59 
75 
54 
53 
51 



Access Grant, Channel 7 

Interrupt Recognition, Channel 

Interrupt Recognition, Channel 1 

Interrupt Recognition, Channel 2 

Interrupt Recognition, Channel 3 

Interrupt Recognition, Channel 4 

Interrupt Recognition, Channel 5 

Interrupt Recognition, Channel 6 

Interrupt Recognition, Channel 7 

Memory Access Request, Channel 
Channel 



CB004 


49 


Memory Access Request, 
Channel 1 


CB004 


58 


Memory Access Request, 
Channel 2 


CB004 


52 


Memory Access Request, 
Channel 3 


CB004 


75 


Memory Access Request, 
Channel 4 


CB004 


69 


Memory Access Request, 
Channel 5 


CB004 


73 


Memory Access Request, 
Channel 6 


CB004 


74 


Memory Access Request, 
Channel 7 


CB002 


19 


Write Data (to Memory) (MSB 


CB002 


21 


Write Data 


CB002 


22 


Write Data 


CB002 


23 


Write Data 


CB002 


73 


Write Data 


CB002 


76 


Write Data 
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Table 1-3. Expander Bottom Edge Signal Connections (Continued) 



Signature 



Connector 



Pin 



Description /Comment 



DEVMWD, 06 


CB002 


71 


DEVMWD, 07 


CB002 


69 


DEVMWD, 08 


CB002 


70 


DEVMWD, 09 


CB002 


72 


DEVMWD, 10 


CB002 


68 


DEVMWD, 11 


CB002 


66 


DEVMWD, 12 


CB002 


9 


DEVMWD, 13 


CB002 


11 


DEVMWD, 14 


CB002 


14 


DEVMWD, 15 


CB002 


15 


DEVMWD, 16 


CB002 


52 


DEVMRD00 


CB001 


75 


DEVMRD01 


CB001 


64 


DEVMRD02 


CB001 


76 


DEVMRD03 


CB001 


49 


DEVMRD04 


CB001 


55 


DEVMRD05 


CB001 


45 


DEVMRD06 


CB001 


73 


DEVMRD07 


CB001 


58 


DEVMRD08 


CB001 


74 


DEVMRD09 


CB001 


51 


DEVMRD10 


CB001 


43 


DEVMRD11 


CB001 


54 


DEVMRD12 


CB001 


66 


DEVMRD13 


CB001 


69 


DEVMRD14 


CB001 


61 


DEVMRD15 


CB001 


41 


DEVMRD16 


CB001 


40 



Write Data 

Write Data 

Write Data 

Write Data 

Write Data 

Write Data 

Write Data 

Write Data 

Write Data 

Write Data (L.SB) 

Write Data (Parity) 

Read Data (from Memory) (MSB) 

Read Data 

P.ead Data 

Read Data 

Read Data 

Read Data 

Read Data 

Read Data 

Read Data 

Read Data 

Read Data 

Read Data 

Read Data 

Read Data 

Read Data 

Read Data (LSB) 

Read Data (Parity) 
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Table 1-3. Expander Bottom Edge Signal Connections (Continued) 



Signatu 


re 


Connector 


Pin 


Description/Comment 


DEVATI1 


- 


CB001 


35 


DMAC Activate Strobe (No. 1) 


DEVATI2 


- 


CB001 


38 


DMAC Activate Strobe (No. 2) 


DATAV- 




CB001 


37 


Data Available (with Fetch Cycle) 


PARERR- 




CB001 


39 


Parity Error (on Store Cycle) 


CLOCK- 




CB001 


7 


System Clock 


RESET- 




CB001 


29 


Master Reset 


DEVFETCH- 


CB001 


16 


Fetch Cycle Initiate 


DEVSTORE- 


CB001 


18 


Store Cycle Initiate 


DEVADD, 


00 


CB002 


35 


Memory Address (MSB) 


DEVADD, 


01 


CB002 


56 


Memory Address 


DEVADD, 


02 


CB002 


50 


Memory Address 


DEVADD, 


03 


CB002 


55 


Memory Address 


DEVADD, 


04 


CB002 


16 


Memory Address 


DEVADD, 


05 


CB002 


20 


Memory Address 


DEVADD, 


06 


CB002 


6 


Memory Address 


DEVADD, 


07 


CB002 


3 


Memory Address 


DEVADD, 


08 


CB002 


8 


Memory Address 


DEVADD, 


09 


CB002 


4 


Memory Address 


DEVADD, 


10 


CB002 


5 


Memory Address 


DEVADD, 


11 


CB002 


7 


Memory Address 


DEVADD, 


12 


CB002 


12 


Memory Address 


DEVADD, 


1 3 


CB0Q2 


10 


Memory Address 


DEVADD, 


14 


CB002 


13 


Memory Address 


DEVADD, 


15 


CB002 


17 


Memory Address (LSB) 


INTDEV, 


D- 


CB001 


57 


Interrupt Request, Channel 


INTDEV, 


1- 


CB001 


70 


Interrupt Request, Channel 1 


INTDEV,; 


> _ 


CB004 


56 


Interrupt Request, Channel 2 


INTDEV, 


3- 


CB004 


60 


Interrupt Request, Channel 3 
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Table 1-3. Expander Bottom Edge Signal Connections (Continued) 



Signature 


Connector 


Pin 


1 Description/Comment 


INTDEV,4- 


CB004 


71 


Interrupt Request, Channel 4 


INTDEV, 5- 


CB004 


68 


Interrupt Request, Channel 5 


INTDEV.6- 


CB004 


55 


Interrupt Request, Channel 6 


INTDEV, 7- 


CB004 


26 


Interrupt Request, Channel 7 


CK3QUT- 


CB001 


50 


Free running clock (4 MHz) 





SN54/74 










SN54/74 


>v- 






\ 




J K> 




F" SIGNAL GROUND 








L_J 


USER INTERFACE 


T 






1 




CABLE PORT 


NON-INVERTING 




CABLE 




EXTERNAL DEVICE 


CONNECTOR 


B 


UFFER/ORIVER 




(T.W.PR. 6FEETI 






1 CONTROLLER 



USER INTERFACE -* 



CABLE PORT 

CONNECTOR 



TWISTED PAIR CABLE BUFFER/DRIVER FOR: 
MEMORY READ DATA LINES 
MEMORY ACCESS GRANT LINES 
INTERRUPT ACKNOWLEDGE LINES 
PARITY ERROR LINE 



SN54/74 



o- 



-»>-€; 



It 



j — >>- 



NON-INVERTING 
BUFFER/DRIVER 



^" SIGNAL GROUND "= 



1 



100-OHM COAXIAL CABLE 



COAXIAL CABLE BUFFER/DRIVER FOR: 
CHANNEL ACTIVATE STROBES 
DATA AVAILABLE 
SYSTEM CLOCK 
MASTER RESET 



180 



I 270 



EXTERNAL DEVICE 
CONTROLLER 




EXTERNAL 

DEVICE 

CONTROLLER 



At 



=" SIGNAL GROUND 



T 



100-OHM COAXIAL CABLE 



270 



SN7417 0R 
• EQUIVALENT 



NON-INVLRTING 
OPEN-COL LECTOR 



USER 
INTERFACE 



CABLE PORT 
CONNECTOR 



(A) 1281 94 



COAXIAL CABLE TERMINATION-'BUF f ER'DRI Vf R FOR 
STORE CYCLE INITIATE 
FETCH CYCLE INITIATE 



Figure 1-2. Cable Port Signal Buffering 
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SECTION II 
DIRECT MEMORY ACCESS CHANNEL 



2. 1 GENERAL 



The Direct Memory Access Channel for the Texas Instruments Model 960 
and Model 980 Computers provides a means of transferring data between 
the computer memory and one or more peripheral devices. This capability 
is provided by: 

• Direct Memory Access Channel Interface card in the 960 or 980 
computer 

• Direct Memory Access Port Expander 

• Individual device controllers. 

Refer to figure 2-1 for a functional block diagram of the Direct Memory Ac- 
cess Channel. 

The DMAC Interface card in the 960 or 980 computer accepts signals from 
a device controller or from the DMAP Expander. The DMAP Expander en- 
ables the multiplexing of a maximum of eight device controllers into a single 
computer port. 

The Central Processor Unit (CPU) communicates with the peripheral device 
controllers on the DMAC via an Automatic Transfer Instruction (ATI) in the 
980 computer or an Activate Direct Access Channel (ADAC) command in the 
960 computer. The device controllers communicate with the CPU via an in- 
terrupt request/acknowledge scheme. 

Data transfer between memory and a peripheral device is accomplished on a 
memory cycle request basis. The Direct Memory Access Channel has 
priority over the CPU when both require memory access simultaneously. 

Memory request from both the CPU and the DMAC are monitored by the mem- 
ory controller of either the 960 or 980 computers and grant memory cycles 
to only one source at a time. 

2. 2 INSTRUCTION FORMAT 

The Automatic Transfer Instruction in the 980 computer and the Activate 
Direct Access Channel Command in the 960 computer consist of two memory 
words. The format is given in the following two paragraphs. 
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MEMORY £=£ 



7R 



^Z 



CPU 



i=3 



DIRECT MEMORY 

ACCESS CHANNEL 

INTERFACE 

(DMA PORT) 



TV 



980 COMPUTER 



I/O (DATA) BUS 



t 



3 



(EITHER) 



I 



CPU INTERFACE 



CPU 



^ 



xk. 



t=> 



MEMORY 



^=3 



DIRECT 

MEMORY 

ACCESS PORT 

EXPANDER 



LL 



DIRECT MEMORY 
ACCESS CHANNEL 
INTERFACE 

(DMA PORT) 



960 COMPUTER 



(A) 128195 



DEVICE 
CONTROLLER 



( ^ DEVICE 



v I EIGHT DEVICE 
^ 1 CONTROLLERS MAXIMUM 



DEVICE 
CONTROLLER 



DEVICE 



Figure 2-1. Direct Memory Access Channel 
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2. 2. 1 FIRST WORD 



7 8 



12 13 15 



Used by CPU 



Used by 

Device 

Controller 



Device 
Address 



When the first word is stable on the read data lines from the CPU, a strobe 
is generated that instructs each device controller to decode the device ad- 
dress bits (13 through 15) to determine which device is being addressed. 
Bits 8 through 12 are accepted by a device controller only if those bits are 
defined for that device. 



2.2.2 





SECOND WORD 



15 



Used by Device Controller 

When the second word is stable on the read data lines, the CPU generates a 
second strobe which instructs the device addressed by the first word to ac- 
cept the second word of the instruction. The second word may be defined as 
anything that is appropriate to a given controller. In general, this word is 
the address in memory of an initialization list for the addressed device con- 
troller. 

Aii device address decoding is performed by the device controllers. They 
accept the appropriate bits of the first and second words when the corre- 
sponding strobes so indicate. 

2. 3 MEMORY ACCESS PRIORITY 

The Expander accepts memory access requests from the device controller 
and in turn requests memory access from the computer. When memory ac- 
cess is granted by the computer, the device controllers are granted mem- 
ory access on a priority basis. Channel has the highest priority, and 
Channel 7 has the lowest priority. The memory access request from the Ex- 
pander to the computer is the logical sum of the requests from the device 
controllers. The computer memory controller cannot distinguish between 
device memory access requests. The DMAC has priority over the CPU when 
both require memory access simultaneously. 
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2.4 INTERRUPTS /STATUS 

The peripheral device controllers may interrupt the program being executed 
by the CPU at any time. 

The device controller issues an interrupt request indicating the controller 
status needs to be processed by the CPU. The interrupt request from the 
device controller is registered by the Expander and an interrupt request is 
forwarded to the CPU. The interrupt request to the CPU is the logical sum 
of the interrupt requests from all device controllers. The Expander and 
each device controller must wait for an interrupt recognition signal before 
taking further action on an interrupt cycle. However, data transfers may be 
continued. 

In order that interrupt recognition may be received by the DMAC device con- 
trollers), the DMAC interrupt bit in the CPU status register must be armed, 
and the CPU must have trapped to the DMAC interrupt trap location. An 
interrupt request remains until interrupt recognition is received. 

When interrupt recognition is received by the Expander, a memory access 
request is generated which has priority over all channel data transfer re- 
quests. The Expander has the next memory cycle available and uses this 
memory cycle to store the interrupt word in memory (location 0096w). This 
word indicates which device controller(s) have interrupted by containing a 
logical ONE in each bit position corresponding to a channel whose interrupt 
request has been registered. That is, Bit indicates that Channel has 
interrupted, Bit 7 indicates that Channel 7 has interrupted, etc. Bits 8 
through 15 are always zero. 

As the Expander stores the interrupt word in memory, it also issues an in- 
terrupt recognition signal to each device controller whose interrupt request 
bit was present in the interrupt word. Once a device controller receives an 
interrupt recognition, it issues a normal memory access request and stores 
the status when memory access is granted through the channel priority 
scheme. 

There is no priority among interrupt requests, the Expander registering all 
requests until interrupt recognition is received. However, storing of the 
interrupt (request) word does have priority over data transfer (memory ac- 
cess) requests. 

If interrupts are not enabled within the controller, a device controller stores 
status through a normal memory (access request) cycle without issuing an 
interrupt. 

Table 2-1 gives the memory locations in both the 960 and the 980 computers 
that are reserved for interrupt and status information storage. Device status 
is always stored in the even (lower) location of each pair. The odd location 
of each pair may be used for information pertinent to a device controller at 
the time of status storage. 
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Table 2-1. Pre-Assigned DMA Status Storage Locations 



Hexadecimal 








Location 




Use 




96 


DMAC 


interrupt word 






Bit 


s through 7 indicate that the corre- 






sponding channel has interrupted. 






Bit 


s 8 through 15 are always zero. 




98, 99 


Status, 


Channel 




9 A, 9B 


Status, 


Channel 1 




9C, 9D 


Status, 


Channel 2 




9E, 9F 


Status, 


Channel 3 




A0, Al 


Status, 


Channel 4 




A2, A3 


Status, 


Channel 5 




A4, A5 


Status, 


Channel 6 




A6, A7 


Status, 


Channel 7 





2.5 DATA TRANSFER CAPABILITY 



2. 5. 1 SINGLE CHANNEL 



When transferring data between memory and a single device, the maximum 
data transfer rate is 10 words /second. A maximum of 1 microsecond is 
required to obtain memory access after a request is issued to the computer. 

NOTE 

Memory time allocations for refresh of semicon- 
ductor memories are not added into the listed 
access and transfer rates. 

2.5.2 ALTERNATE CHANNELS 

When more than one device controller is requesting memory access for one 
memory cycle at a time, the maximum data transfer rate is 8 x 10- 3 words/ 
second. This maximum transfer rate is achieved when memory cycle re- 
quests overlap, thus preventing the CPU from acquiring memory access. If 
Lne device controller memory cycxe requests uo not overxap, i. £._> micro- 
seconds maximum are required to gain access for each request. 
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2. 6 CONTROLLER INTERFACE TIMING 

Requests for memory access and an interrupt cycle may be issued by the de- 
vice controllers at any time. The time that elapses before a memory cycle 
execution begins, or before interrupt recognition is dependent on the activity 
of the other device controllers, the Expander and the CPU. Refer to figure 
2-2 for a definition of the signal relationship at the device controller inter- 
face. 

NOTE 

All direct DMAC interfacing should use system 
clocks to achieve memory cycle stealing because 
of modification to the clock for such things as 
refreshing the semiconductor memory. 

2. 7 CHANNEL ADDRESSING 

A device controller may be assigned any desired channel address as long as 
sufficient consideration is given to the system and operational aspects of the 
assignment. That is, the highest speed device controller, with respect to 
data transfer to or from memory, should be assigned the channel address 
v/ith highest priority (Channel 0). The other device controllers should be 
assigned channel addresses of lower priority according to their respective 
data transfer rates. Channel 7 has the lowest priority. 

The channel address assigned to a controller determines how to decode the 
first ATI or ADAC word device address bits, and where the controller status 
is to be stored. (Refer to paragraph 2.4.) The channel address also deter- 
mines which request lines to drive and which acknowledge lines to monitor 
when using the channel addressing scheme. 
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Figure 2-2. Controller Interface Signal Relationship 
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SECTION in 
THEORY OF OPERATION 



3. 1 GENERAL 



The Direct Memory Access Port (DMAP) Expander consists of circuitry re- 
quired to enable multiplexing of a maximum of eight device controllers into a 
single channel (port) in the 960 and 980 computer. 

The two primary functions of the expander are: 

• To monitor and process requests for memory access from the de- 
vice controllers. 

• To monitor and process interrupt requests from the device control- 
lers. 

The Expander circuitry provides the logic required to process memory ac- 
cess requests and interrupt requests as well as buffering for all signals be- 
tween the device controllers and the 960 or 980 computer. Figure 3-1 is a 
block diagram of the Expander. 

3.2 MEMORY ACCESS REQUESTS 

Refer to the flow chart shown in figure 3-2. The Expander monitors the 
memory access request signal [AR, (N=0)] from each device controller. 
When any one or more devices present an access request, a memory access 

request signal is sent to the computer (1 -DMAR). If the interrupt control 

circuitry indicates a request for an interrupt store cycle (ARINT), it is 
treated in the same manner as a device request. The interrupt store cycle 
request has priority over all device memory access requests. 

When a memory access is granted by the computer (GRANT), the Expander 
grants memory access [AG(N=0-7)] to the channel with the highest priority 
request [XAG, (N=0-7)]. If the interrupt store cycle request (ARINT) is pre- 
sent, the memory access grant goes to the interrupt circuitry (AGINT), and 
device requests are delayed for one memory cycle. (See paragraph 3-3 for 
discussion of the interrupt circuitry. ) 

Once memory access is granted to a channel, the access grant [AG, (N)] may 
be turned off in two ways. In the first case, the channel with access initiates 
a memory cycle and then releases its request [AR, (N)]. The synchronized 
request [AR, (N=0-7)Q] resets the access granted flip-flop for that channel. 

The second means of turning off the access grant flip-flop occurs when a de- 
vice requests more tnan one memory cycle so unau uiie request is not re- 
leased after initiating a memory cycle (other than the last). In this case, 
the STORE or FETCH signal is delayed so that on the second clock after 
STORE or FETCH, the signal CHANGE, Q becomes true for one clock time. 
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If at this time a higher priority request is present at the output of the priority- 
tree [XAG, (M<N)]; where N is the channel with memory access and M is the 
higher priority request], the access grant for channel N is turned off. If a 
higher priority request is not present, the device with access is permitted 
to keep memory access until its request is released or a higher priority re- 
quest is registered. When a channel has memory access and a lower prior- 
ity request is present, the lower priority request must be delayed until the 
channel with access releases its request. Once no higher priority channel 
has access granted, the lower priority channel may receive memory access. 

When any channel is granted access, the signal SUMAG becomes a logic ONE 
and prevents granting of access to any other channel. SUMAG is the logical 
sum of access grant to all channels (and includes access grant for an inter- 
rupt store cycle). When access grant to a channel is turned off, SUMAG be- 
comes a logic ZERO. Two clocks later LOADA.Q becomes a logic ONE 
which enables memory access to be granted to the highest priority request 
on the following clock. 

As long as a memory access request is present from at least one device con- 
troller [AR, (N)], the request signal to the computer (DMAR) remains a logic 
ONE and the memory controller of the computer continues to grant memory 
access to the DMAC. Refer to figure 3-3 for an illustration of Expander 
memory control timing. 

3. 3 INTERRUPTS 

Figure 3-4 is a flow chart of the Expander interrupt circuitry. Each inter- 
rupt request line from a device controller [INTDEV, (N)] is monitored at all. 
times except during an interrupt store cycle. When an interrupt request is 
presented by a controller, the corresponding bit in the interrupt register 
[INTA, (N)Q] is set to a logic ONE. If the Expander is currently in an inter- 
rupt store cycle (AGINT = 1), the interrupt register bit is not set until the 
store cycle is complete (AGINT=0). 

Once an interrupt register bit [INTA, (N)] is set to a logic ONE, the corre- 
sponding interrupt line monitor [INTB, (N)Q] will reset to a logic ZERO on 
the following system clock. INTB, (N)Q remains reset until that interrupt 
request is released [INTDEV, (N) = 0] and an interrupt store cycle is com- 
pleted. This prevents any one interrupt from being registered a second 
time. 

When any interrupt register bit is set, the logical sum of the interrupt reg- 
ister bits (SUMINTA) is sent to the CPU to indicate that at least one device 
controller has requested an interrupt cycle. SUMINTA remains a logic ONE 
until an interrupt recognition (INTREC) is received by the Expander. The 
time required to receive interrupt recognition is dependent on the software 
being executed, since an interrupt will not be recognized unless the appro- 
priate bit has been set in the CPU status register and the CPU has trapped 
to the DMAC interrupt trap location. 
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When interrupt recognition (INTREC) is received from the CPU, and access 
request for an interrupt store cycle (ARINT, Q) is generated. This memory 
cycle request is ORed with the memory cycle requests from the device con- 
trollers as previously discussed. Since the interrupt store cycle request has 
the highest memory access priority, the interrupt circuitry will be granted 
the next available memory cycle (AGINT,Q). 

When AGINT,Q is set to a logic ONE, an interrupt store cycle is initiated. 
The interrupt word (register) [INTA, (N=0-7)Q] is gated on the memory write 

data (MWD, 00-07) lines (INTA, 0Q ►MWD, 00; INTA, 1Q -MTO, 01; etc. ). 

Memory write data bits 8 through 15 (MWD, 08-MWD, 15) are forced to ZERO. 
The interrupt word address (hexadecimal 0096) is gated on the memory ad- 
dress lines (MAD, 00-15). The memory store cycle pulse (INTSTORE, Q) is 
set to logic ONE on the clock following AGINT, Q and remains set for one 
clock time. As INTSTORE, Q resets to a logic ZERO, interrupt recognition 
[IRECOG, (N)] is sent to those device controllers whose interrupt (request) 
bit was registered and stored in memory in location 0096^. Interrupt recog- 
nition is also a one clock time signal. 

As INTSTORE, Q resets to logic ZERO, interrupt complete signal (ICOMP, Q) 
is generated causing the interrupt register [INTA, (N)] to be reset on the fol- 
lowing clock. As the interrupt register is reset, the interrupt store cycle 
request (ARINT, Q) and the grant for that cycle (AGINT, Q) are also reset to 
logic ZERO. 

Once an interrupt cycle is complete and the interrupt register is reset, the 
interrupt requests may once again be registered. However, those interrupt 
request lines [INTDEV, (N)] that were registered and stored in the interrupt 
word in memory are inhibited as long as that line remains a logic ONE. 
That is, an interrupt request from a device controller must be released (re- 
set to logic ZERO) before being enabled and registered again. The inhibit is 
INTB, (N)Q for each interrupt request line. Figure 3-5 is a timing illustra- 
tion of the interrupt circuitry. 



Digital Systems Division 




216759-9701 



DEVICE CONTROLLERS 



ATI STROBES 12) 
SYSTEM CLOCK 
MASTER RESET 
DATA AVAILABLE 



MEMORY 
READ DATA 

FREE CLOCK 

PARITY ERROR 



DEVICE 
ACCESS 
GRANTED 



DEVICE 
ACCESS 
REQUEST 



DEVICE 

INTERRUPT 

RECOGNITION 



DEVICE 

INTERRUPT 

REQUEST 



MEMORY 
WRITE DATA 



(8LINESI 



(8LINESI 



MEMORY 
ADDRESS 



DEVICE STORE 
DEVICE FETCH 

(A) 128192 



(5 LINES) 



(17 LINES) 



(1 LINE) 



11 LINE) 



(8 LINES) 



(8 LINES) 



DEVICE 

INTERRUPT 

RECOGNITION 



INTERRUPT 

REQUEST 

REGISTER 



960/980 COMPUTER 
, * 



COAX 

TERMINATION 
AND DRIVERS 



1(5) 



(17 LINES) 



!>-*■ 



INTERRUPT 
ADDRESS 



(16 LINES) 



<>-*■ 



(1 LINE) 



(1 LINE) 



WRITE DATA 
BUFFERS AND 
GATING 



ADDRESS 
BUFFERS AND 
GATING 



BUFFERS AND 
COAX DRIVERS 




ATI STROBES 
SYSTEM CLOCK 
MASTER RESET 
DATA AVAILABLE 



MEMORY 
READ DATA 



— FREE RUNNING CLOCK 



PARITY ERROR 



MEMORY 

ACCESS 

GRANTED 



MEMORY 

ACCESS 

REQUEST 



CPU INTERRUPT 
RECOGNITION 

CPU INTERRUPT 
REQUEST 



MEMORY 
WRITE DATA 



MEMORY 
ADDRESS 



(1) 



Id) 



STORE 



FETCH 



Figure 3-1. DMAP Expander Block Diagram 
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Figure 3-2. DMAP Expander Memory Access Monitor and Control 
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NOTES 

1. SIGNALS MARKED BY AN C) ARE ASYNCHRONOUS TO THE SYSTEM CLOCK. 

2. ILLUSTRATION ASSUMPTIONS 

PRIORITY CHANNEL M, HIGHEST 
CHANNEL K, LOWEST 

MEMORY 

REQUESTS CHANNEL M. 1 REQUEST, 1 CYCLE REQUESTED 

CHANNEL N.2 REQUESTS, 1 CYCLE PER REQUEST 
CHANNEL K, 1 REQUEST. 2 CYCLES REQUESTED 

(A) 128198 



3. SYSTEM CLOCK IS 4MHz FOR THE 960A AND 980A CPU 



Figure 3-3.- Memory Access Timing 
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Figure 3-4. Interrupt Request Monitor and Control 
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Figure 3-5. Interrupt Cycle Timing 
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SECTION IV 
MAINTENANCE 



4. 1 GENERAL 



This section combined with Section V provides the information required to 
troubleshoot the Expander and related circuitry. These sections include the 
connector pin numbering and printed circuit board network location designa- 
tions. Reference figures 4-1, 4-2, and 4-3 to determine network location 
designation and connector pin numbering as used in the logic diagram. 
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Figure 4-1. Single Connector Type 1 Printed Circuit Board, 
Outline and Circuit Locations 
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Figure 4-2. Double Connector Type 1 Printed Circuit Board, 
Outline and Circuit Locations 
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Interface Type 1 PC Board Connector, 
Top Edge Pin Numbering 
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SECTION V 
DRAWINGS 



This section contains the assembly drawings for the DMAP Expander printed 
circuit boards, the CPU to DMAP Expander Cable, and the logic diagrams 
for the DMAP Expander. Additionally included for reference are the assem- 
bly drawing and logic diagram for the DMAC Interface Card. Table 5-1 is a 
major signature list of the DMAP Expander logic. 



Title 

Board Assembly, Expander No. 1 
Board Assembly, Expander No 
Board Assembly, Expander No 
Board Assembly, Expander No 
Cable Assembly 
Point-to-Point (Cable) Wiring 
Logic Diagram, DMAC Expanders 



Drawing 



Page 
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5-11 
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216709 


5-15 




217079 


5-19 




217080 


5-25 


-s 


217812 
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Table 5-1. 


Major Signature List, DMAP Expander Logic 


Signature 


Comment /Description 


AGINT, Q 


Access Grant for an Expander interrupt cycle 


AG, (N)Q 


Memory Access Grant for channel (N) 


AR, (N) 


Memory Access Request for channel (N) 


ARINT, Q 


Memory Access Request by the Expander for an 




interrupt cycle 


ATI1;ATI2 


Channel Activate Strobes accompanying first and 




second words of an Automatic Transfer Instruc- 




tion (980) or an Activate Direct Access Channel 




command (960) 


CLOCK- 


System Clock (from CPU) to the device con- 




trollers 


CPURUN 


Indicates that the CPU is in the RUN mode and not 




IDLE 


DATAV 


Data Available 


DMAR 


DMAC Memory Access Request 
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Table 5-1. Major Signature List, DMAP Expander Logic (Continued) 


Signature 


Comment /Description 


FETCH 


Fetch Cycle Initiate 


GRANT 


Memory Access Grant from the CPU to the DMAC 
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Interrupt Cycle complete 
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priority request 
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Interrupt Register, channel (N) 
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True output is highest priority request. 
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'T/t ITAI.W.M, 3Jf <t?9*>JS5 



FHRT NO. SXAMPLE 






-LJ' 





MARK APPgOPMATC PAKT A/O. 



MA9CH0. — 
DIM. A 



T 



b.cj 

CUAl.^e.D: I) ~Z i« 

QTY. IVA5 Hi 0On-T.i-\ 

AAi Z.O tA. 

.- _, ^' -S LfA; IT 12 arr mas ak ft ■ it 

J) ./t)i«; / 7. ,z 'jr r ivflj ^^ pr ir ro 
f/\l WAS Iif<,.'i-j.;j a , „,, -.j .> r ,, r 
iaOT- M mOFK . -. ,j jTV rt . A . s u - £ ;' ' 

V SO cv ,7. ft Z.-Y A'Ai A^/=T ; n. 
~ >*"V MAS 35-toZx US1 „-y .v»5 «* f- ,, 

t'*-tV< { /tSH. ±)i- w .£ 3 .x , Jd ~1-+^,- -u 

GCV-LC l. r L S-L ;.; .. 



'ST --7T. O 



DETAIL C 
SCAIC : NONE 



/ ' 
l r l ; 



I 7 
/.oso 

' I /' 



A/ores: 

r - . f';f? £/'>■ a /.-/ ^r_ : r 

^.'..' ::~-P -"/1,'jT ^/.'.. -,C. T- ^- -^ -" 

;; ,:nn:'i ■_:-_ . -,/ r ,= .-.-..,. ■ 















-ti fT; -*_::— 3 



EEffi 



n^" 



UJLd" 



! HCT stamp pf~: 

I F-IQO l HEIGHT. 1^ 
: COLC0 rtLACK 



c 



CABte /i'iV, 

'._CPP TO OAA0C 

».fl_o 

rojitpt/rr*? 

."/// ?. I 7 C >> 9 

/ / .' 



5-19/5-20 



I 



n>h o «n 1 


"exas Instruments 

INCORPORATED 

DATE 05/24/76 








<w 


LIST OP MATERIAL pAGE 1 of 


r FAIT NUUIER 

LM 217079-000; 


REV N 

L 

i 


PRINT 

ITEM 
NUMBER 


QUANTITY 

PER 
ASSEMBLY 


UNIT 
OF 
ISSUE 


DWG 
SIZE 


PART NUMBER 


DESCRIPTION 


VENDOR PART NUMBER 




C0187.C00 


EA 




972063-0002 


SLEEVE, SCLCER, TAB TERMINAL 


PCH--C-704-02 


0001 


00003.000 


EA 




231447-C800 


CONNECTOR PC 36 PIN 


VIK-2VH-36/lCt"-5 


C0C1A 










Pl.P2.P3 




0002 


00002.000 


EA 




214080-OC01 


CONNECTCR-COVER 




C003 


00002.000 


EA 




214081-0001 


CLAMP 




C0C6 


00020.000 


FT 




772228-C0C1 


CAiSLE COAXIAL 80 OHM UL STYLE 1371 


G0A-GWN1013 


C0C9 


00007.000 


EA 




4182C1-0001 


ST RAP .MARKER, ADJUST ABLE, PLASTIC 


QPL- MS336B-1-9 


0011 


REF 


EA 




217080-9901 


WIRE LIST.PT-TO-PT-CPU TO Dr>AC 




00.2 


00005.000 


FT 




4114CO-0018 


WIRE.BARE TINNED, 18AWG, COPPER BUS 


1WP- 18-630 


0014 


00193.000 


FT 




966760-2896 


WIRE, TWISTED PAIR #28 WHT/RLU IPVC 


UL - 1472 7STP UL&C! 


0016 


00001. COO 


EA 




216138-C0C1 


COVFR.CCNNECTOR 




0017 


00001.000 


FA 




216136-0001 


hooccc^ector 




0018 


00013.000 


FT 




9724 36-0019 


INSULATICN SLEEVING PVC CHLORIDE 


LFS- HT-105C-24 


0019 


00010.000 


EA 




972988-0016 


SCRFW 4-40 X .438 PAN HEAO CRES 




0020 


00002.000 


EA 




418212-C040 


STRAP, T I ECOWN, ADJUSTABLE, PLASTIC 


QPL- MS3367-4-9 


C021 


00004.000 


EA 




411027-0804 


WASHEP .125 X .312 X .032 FLAT CRES 


OPL- MS15795-804 


0022 


00187.000 


EA 




972053-C002 


SLEEVE, SCLDER, TAB TERMINAL 


PCH— C-704-02 


0023 


REF 


EA 




973585-9901 


UNIT TEST PROCFDURE 




RAFTSMAN 


OATE 


CKD DRAYMAN/ DATE 


DESIGN 


ENGINEER DATE 


TITIE . 

CABLE ASSY, CPU TO DMAC-2FT 


.PPD -MFG. 


DATE 


APPD. PROJECT ENGINEER / * OATE 


RELEASE 


D DATE 


PROJECT NO 

7JT05 




PART NUMIER REV 

LM 217079-coo;: l 

J 



I 




Texas Instruments 

INCORPORATED 



PRINT 
ITEM 

NUMBER 



0001 

oocu 

C002 
0003 
C006 
0009 
0011 
0012 
0014 
0016 
0017 
C018 
0019 
0020 
C021 
0022 
C023 



date 05/24/76 



LIST OF MATERIAL 



PAGE 1 of 



f PART NUMBER 

LM 217079-001C 



00003. OCO 

O00C2.000 
00002.000 
00092.000 
00007.000 

REF 
00005.000 
C0633.00C 
00001. CGO 
00001.000 
00013.000 
00010.000 
00302. OCO 
00004. OCO 
00187.000 

REF 



UNIT 

OF 

ISSUE 



ea 

EA 

FA 
FT 
EA 

EA 
FT 
FT 
EA 
EA 
FT 
EA 
EA 
EA 
EA 
EA 



owe 

SIZE 



PART NUMBER 



231447-C800 



2140H0- 
214081- 
772228- 
418201- 
217C80- 
4U4C0- 
9 66 7 60- 
216138- 
216136- 
972<i36- 
9729A-1- 
418212- 
411027- 
972053- 
9735e5- 



0CC1 
C001 
0001 
0001 
99C1 
0018 
2896 
C0C1 
C0C1 
0019 
C016 
0040 
C8C4 
0O02 
99C1 



DESCRIPTION 



CUD DRAFTSMAN 



APPO PROJECT ENGINEER 



CONNECTOR PC 36 PIN 

PI P2 P3 

CTNNECTOR-COVER 

ClAtvp 

CABLE COAXIAL 80 OHM UL STYLE 1371 

STRAP, MARKER, AD JUST ABLE, PLASTIC 

WIRE LIST.PT-TO-PT-CPU TO OMAC 

WIRE, BARE TINNED, 18AWG, COPPER BUS 

WIRE, TWISTED PAIR #28 WHT/BLU IPVC 

COVER, CCKNECTOR 

HOOCCCNNECTOR 

INSULATICN SLEEVING PVC CHLORIDE 

SCREW 4-40 X .438 PAN HEAD CRFS 

STRAP.TIECCWN, ADJUSTABLE, PLASTIC 

WASHER .125 X .312 X .032 FLAT CRES 

SLEEVE, SCLCER, TAB TERMINAL 

UNIT TEST PROCEDURE 



REV ^\ 

L 



VENDOR PART NUMBER 



VIK-2VH-36/lCf"-5 



G0A-GWN1013 
QPL- MS3368-1-9 

1WP- 18-630 

UL - 1472 7STP ULGC< 



LFS- HT-105C-24 

OPL- MS336.7-4-9 
QPL- MS15795-804 
PCH— C-704-02 



DESIGN ENGINEER 



CABLE ASSY, CPU to DMAC- 10 FT 



PART NUMBER 



LM 217079-001 



Ln 







"exas Instruments 

INCORPORATED 



PRINT 

ITEM 

NUMttt 



0001 

0001A 

0002 

0003 

0006 

000" 

0011 

0012 

0014 

0016 

0017 

0018 

0019 

0020 

0021 

0022 

0023 



oath 05/24/76 



LIST OP MATERIAL 



PACE I of 



QUANTITY 

nit 

ASSEMILY 



00003. COO 

00002.000 
00002.000 
00052.000 
00007.000 

PEF 
00005.000 
00358.000 
00001.000 
000C1.030 
00013.000 
00010.000 
00002.000 
OOOC4.000 
00187.000 

REF 



UNIT 

OF 

ISSUE 



EA 

EA 
EA 
FT 
EA 
EA 
FT 
FT 
EA 
EA 
FT 
EA 
EA 
EA 
EA 
EA 



DWG. 
SIZE 



PART NUMBER 



231447-0600 

214080-0001 
214C81-0001 
772228-COC1 
4182C1-0001 
217080-9901 
4U4C0-0018 
966760-2896 
216138-0001 
216136-0001 
972436-0019 
972988-CC16 
418212-0040 
411027-0804 
972053-0002 
973585-99C1 



CUD MAPTSMAN 



APfO. PtOJECT ENGINE! I 



DESCRIPTION 



CONNECTOR PC 36 PIN 

PI P2 P3 

CONNECTOR-COVER 

CLAMP 

CABLE COAXIAL 80 OHM UL STYLE 1371 

STRAP, MARKER* ADJUSTABLE, PLASTIC 

WIRE LIST.PT-TO-PT-CPU TO DMAC 

WIRE, BARE TINNED, 1BAWG, COPPER BUS 

WlRE.ThlSTEC PAIR #28 WHT/BLU IPVC 

COVER, CCNNECTOR 

HO0CCCNNECT0R 

INSULATICN SLEEVING PVC CHLORIDE 

SCREW 4-40 X .438 PAN HEAD CRES 

STRAP.TIECOWN, ADJUSTABLE, PLASTIC 

WASI-ER .125 X .312 X .032 FLAT CRES 

SLEEVE, SCLOER, TAB TERMINAL 

UNIT TEST PROCEDURE 



DESIGN ENOINHI 



tEUASEO 



LM 



HK m m m 
217079-000! 



VENDOR PART NUMBER 



VIK-2VH-36/ICN-5 



GOA-GWN1013 
OPL- MS3368-1-9 

IMP- 18-630 

UL - 1472 7STR ULCC$< 



LFS- HT-105C-24 

OPL- MS3367-4-9 
OPL- MS15795-804 
RCH—C -704-02 



CABLE ASSY, CPU TO DMAC- 5 FT 



LM 



PAITNUMHI 

217079-000* 




Texas Instruments 

INCORPORATED 



PRINT 

ITEM 

NUMBER 



DATE 05/24/7fc 



LIST of MATERIAL 



PAGE 1 of 



quantity 

peb 
assembiy 



DWG. 
SIZE 



PART NUMBER 



DESCRIPTION 



FAIT NUMBER 

LM 217079-002< 



VENDOR PART NUMBER 



ui 
i 

4^ 



00 01 

0001A 

0002 

C003 

0006 

C009 

0011 

0012 

0014 

0016 

0017 

C01P 

0019 

0020 

00 21 

0022 

0023 



OJ0C3.O0O 

03002.000 
00002,000 
00180.000 
00007.000 

REF 
00005.000 
01200.000 
OOOCl.OOO 
00001.000 
00013.000 
00010.000 
OC002.COO 
00004.000 
OO1P7.C00 

REF 



EA 

EA 
EA 
FT 
EA 
EA 
FT 
FT 
EA 
EA 
FT 
EA 
EA 
EA 
EA 
EA 



23144/--0HG0 



214080- 
214081- 
772223- 
41B2C1- 
217080- 
4114C0- 
966760- 
216138- 
216136- 
■J724 36- 
9729 88- 
418212- 
411027- 
9720^1- 
9 73565- 



0001 
00C1 
0001 
0001 
S901 
0018 
2896 
C0C1 
CO01 
0D19 
C016 
0040 
08C4 
•0002 
9901 



CUNNECTCR PC 36 PIN 

PI P2 P3 

CGNf\ECTOR-COVER 

CLAMP 

CABLE COAXIAL 80 OHM UL STYLE 1371 

STRAP, BARKER, AD JUST ABLE, PLASTIC 

WIRE LIST.PT-TO-PT-CPU TO OMAC 

WIRE.eARE TINNED, 18AWG, COPPER BUS 

WIRE, TWISTED PAIR #28 WHT/BLU IPVC 

COVER, CCNNECTOR 

HOOCCCNNECTCR 

INSULATION SLEEVING PVC CHLORIDE 

SCREW 4-40 X .438 PAN HEAD CRES 

STR AP, T I ECCWN, AD JUST ABLE, PLASTIC 

WASHER .125 X .312 X .032 FLAT CPES 

SLEEVE, SCLCER, TAB TERMINAL 

UNIT TEST PROCEDURE 



VI K-2VH-36/iCf>-5 



GOA-GWN1013 
OPL- MS3368-1-9 

1WP- 18-630 

UL - 1472 7STR ULf.C$/ 



LFS- HT-105C-24 

OPL- MS3367-4-9 
OPL- M*15795-P04 
RCH— C-704-02 



CKO DRAFTSMAN 



APPO PROJECT ENGINEER 



DESIGN ENGINEER 



CABLE ASSY, CPU TO DMAC- 20 FT 



PART NUMBER 

LM 217079-002 




o 



PROJ 
NO. 



898C 



SIZE 



O 



896r 



7 ft! 



7503 



REV 

SUFI 

SHEET 



REV 



SHEET 



NEXT ASSY 
DWG NO. 



21 70V9 



ai7Q72> 



l\iov? 



uToiJ' 



REVISIONS 



LTR 



DESCRIPTION 



DATE 
*»/lAj/ld( 



APPD 



^ y - ^V - " 



REV STATUS 
OF SHEETS 



OR 4--l<o-70 

01 0. f=L>^^- 



yj ' • / IT 




H-. 



i i . 



25£0'Z>7(D) G//8/70 /2<?/*<j£* 

CHG O COMPONENT CONNECTION 
FCR FINISH STATION TO rA?SH 2 , WIRE ^4- WAS -B,^S 
WAS -2, yr<£ WAS - C, t WlXS*r~7 WflS ~3 \ LB) Sm 3, 
WIRE **{p WAS -3s- i^-12 WAS -3c;CC)^rt «£, w/ge * 7 
WAS - e,^- 8 WAS -27, £ 4* /2 was -23; (O)SH s", 
W/XE ** 13 WAS - 3" $ ftr/s- WAS - ?; (E)SH6, WIRE * I 
WAS P2'-W_, *tST WAS - SC , ** 7 WAS - g, 4* 3 WAS -c~, 
=?*// WAS - -f, c *t/7 WAS - JZC i CF)SH 7 WIRE ** 7 WAS - C 
Z) COMPONENT COUHEC1IQH FOR START STATION TO 
(A) SA> 2 , W/RGJB- 8 WAS - aLjCB) SH S, //IRE * II //AS - 5, 
«- /9 WAS - 4 , ■**■£! WAS -J&, £**23 WAS -F; (C)SH7, 
WIRE* IMS -h, z*3 WAS -J, *t$ WAS -X, 1*7 WAS -J~, 
V3 WAS - z;, £ ?*// WAS - -T- 

b)sh s, signature for wire ^13 was "mf?d <&'.' 

ADDED 2>GO, D, S/707 3 TO W/# 8LOCK. 
2JSH f-j, REMARKS TO IA/IRSS V 4 £ <£. 



8 



3G8235&/F 25-70 f'£*^~<y„-~ \2-h7o 

CtfG.SH.5; /T. 20 fS/NIStf ST/}. U7/9S P2-/2 



WW, 



C | 36 3 46 4 CO 6-24-71 J?£ : *s 



REVISED i REDRAWN VNITH CHANGES SH ?thrd ' -y 
TO CORRECT WIRE COLORS, 



D 



374799 WL. PlERCEY 8/4/72 ^/7/7 Z |g p ~tf~ 

CHG: 1) WIRE DKSCR. "CABLE" WAS "TEF". 2) IN DESCR. "BLU" WAS "BLK", 
N/A LM ITEM NO WAS 15. 3) SH 4. WIRE # 8, FINISH STATION 
WAS P3-35. 4) SH 4, WIRE #8, REMARK WAS "THIS PIN HAS TWO 
CONNECTIONS". 5) SH 7, WIRE ??8, FINISH STATION WAS P3-35. 
JAIWKD: 1) SH 4, WIRF* #15 f, 16, &REMARK TO WIRES 4 & 6. 
2) SH 7. REMARK TO WIRE i>12 



£ 



3&6>072>(C) r a A»,^s;..^ s- /.?*/? 3 

Ca/aaj&^/j a/./ \A'A>r//5L U Vv/;?££ \a//\L 
7 3i u (s// ^ T//g?g y) 



LN 3&4-1 T7 (C) 



U'As 



CN394165 (C) 



.fc 



Xi 



p 



|i^ 



J 



If'&T/^f./M 



fU 



■^4**- 



REV 



SHEET 



fi/e- 



2 3 



liL 



ft 

\ I S-y, 



- 7/ - y 



BClEASf 



5/?.;.>. 



^' 



/" 



7 



E »4//A-t l/Sr j 
f'T TO FT . 
CPU TO DM4C 



'J +> 




Texas Instrhmfnts 

INCORPORATED 

INDUSTRIAL PRODUCTS OiVISION 

HOUSTON TEXAS 



SCALE 



SIZE 

A 



2/ 708C 



I Of 7 



*1/91,^fil. Wc. 2./i7£~?-9)a< 



5-25 



Digital Systems Division 



















+ 
















WIRE 
NO. 


DESCRIPTION 


oz 
•-a 


SIGNATURE 


COMPONENT 

CONNECTION 

FOR START 

STATION 


COMPONENT 

CONNECTION 

FOR FINISH 

STATION 


REMARKS 


N/A 

LM 
ITEM 
NO. 


1 


#18 BUS 


A 


R 


GRD BUS 


PI - 1 


PI - 36 




12 


2 


#18 BUS 


' j 




GRD BUS 


P 


1 - A 


PI - R 




12 


3 


#28CABLF WHT Q 






MRD 01 




- 34 


P2 - H 




14 


4 


"J 


JBLU (J 










- BUS 


A -7 






5 




WHT n 






MRD 03 




- 33 




- K 




14 


6 




BLU () 










- BUS 




- 9 






7 




WHT n 






MRD 05 




- 32 




- M 




14 


H 
i m 

UJ2 > 
3-D"* 

z §oH 
So.* 

;5»c 
u, o-'2 

^ 

z H 
V) 


8 




BLU (j 










- BUS 




-11 






■i 




win 






I1RD 07 




- 21 




- P 




14 


10 




BLU (J 










- BUS 




-13 






11 




WHT f) 






MRD 09 




- 30 




- S 




14 


12 




BLU (j 










- BUS 




-15 






13 




WHT Q 






MRD 11 




- 29 




- U 




14 


14 




BLU (j 










- BUS 




-17 






15 




WHT n 






MRD 13 




- 28 




- W 




14 


16 




BLU (J 










-BUS 




-19 






17 




WHT () 






MRD 15 




-27 




- Y 




14 


> 


18 




BLU (j 










- BUS 




-21 






T 


M 

o 

TO 
O 


19 


^ 


WHT Q 






GRAHT- 




-26 




- ? 




14 


20 


//2'8 CABLE BLU (J 










- BUS 




-28 






21 


CO 


r~\ 






ATI2I0 




-25 




- 7 




6 


AX CLWD ( ) 


22 


SHIELD 












_ BUS 




-30 






23 


CO 








DATAVAIL 


1 


, ™ 


- A 




6 


AX COuD "f J™ 


L < 


24 


! 
SIULLD ' 


A 


R 




PI - BUS 


< 


'2-23 























+ 














• 




WIRE 
NO. 


DESCRIPTION 


oz 


SIGNATURE 


COMPONENT 

CONNECTION 

FOR START 

STATION 


COMPONENT 

CONNECTION 

FOR FINISH 

STATION 


REMARKS 


N/A 

LM 

ITEM 

NO. 




-3 ,— 


CC 


ay rn^p (""^ 


A" 


MKESTOP 


PI - 23 


P2 - d 




6 




\«r — 








^6 


SHIELD J 




V 






BUS 


P2 - 26 








27 


#28 CABLE WHT Q 






MAD01 




- 22 


P3 - E 




14 




?3 




v BLU (J 










- BUS 




v - 27 








c'9 




WHT Q 






MAD03 




- 21 




- C~ 




14 


3D 




BLU Q 










- BUS 




- 25 






3/ 




WHT Q 






MAD05 




_ 20 




- A 




14 




4& 

-) 
z m 

Uj2 > 
W -,»Z 

a"" 

o «■ 

z H 

(/I 




32 




BLU U 










- BUS 




- 23 








33 




WHT Q 






MAD07 




—19 




- Y 




14 




34 




BLU 










- BUS 




- 21 






> 


35 




WHT A 






MAD09 




- 18 




- W 




14 




36> 




BLU (_) 










- BUS 




- 19 








37 




WHT Q 






MAD10 




- 17 




-V 




14 




38 




BLU (J 










- BUS 




- 18 








39 


i WHT 






MAD13 




- 16 




- S 




14 




40 


| BLU 










- BUS 




- 15 








4-/ 


WHT n 






MAD15 




- 15 




- P 




14 




> 


4z 


J BLU (j 










- BUS 




- 13 








IS* 


o 

CO 

o 


43 


j WHT Q 






MWD01 




- 14 




- M 




14 




44 


! BLU 










- BUS 




- 11 








4Z 


! WHT n 






MWD03 




- 13 




- K 




14 




4£> 


| BLU 










- BUS 




- 9 








4-7 


y 


WHT Q 






MWD05 


\ 


- 12 


| -„ 




14 




1 < 


4$ 


i'28 CABLE BLU 


V 

AR 




1 


- BUS 


P3 - 7 













WIRE 
NO. 


DESCRIPTION 




SIGNATURE 


COMPONENT 

CONNECTION 

FOR START 

STATION 


COMPONENT 

CONNECTION 

FOR FINISH 

STATION 


REMARKS 


N/A 

LM 

ITEM 

NO. 




49 


#28 CABLE WKT f) 


AR 


MWD07 


PI - 11 


P3 - B 




14 


^<2 


^ BLU (j 


l\ 




J 


' - BUS 


- 24 






5-/ 




W1IT 






MWL09 




- 10 




- H 




14 


•5"^ 




BLU 










- BUS 




- 29 


THIS PIN HAS TWO 
rnNVFr"TTfiKi« 




5".? 




WHT Q 






MWD11 




- 9 




- L 




14 


JT/ 




BLU (J 










- BUS 




- 32 


THIS PIN HAS TWO 

CONNECTIONS 




SS 




W1IT A 






MDW13 




- 8 




- 36 




14 


H 

o *■ 

2 -f 


5£> 




BLU (J 










- BUS 




- 32 


WIRE- #B SECOND CONNECT- 
ION TO THIS PIN 




<77 




wax Q 






MWD15 




- 7 




-N 




14 


S3 




BLU (J 










- BUS 




- 34 


T///S /*'*/ "15 




S9 


v 


whtQ 






DMAR 




- 6 




- A 




14 


&o 


#28 CABLE BLU (J 










- BUS 




- 1 


M 




&/ 


CO 




' 


/ 


STORE 


>i " 5 


,, -B 


i : 


6 




6Z 


Sli 


IELD , , T 


AR 




PI - BUS 


P3 - 2 










— }5"— ■ 


— COAX PANT) — — — : — : -f~H — 












6 




Nfl_ 






•pi .- IS -, 


: — pa^-« 35 


-=4*= 


=B3tISI ■■ — '■- — - -' 


An 


=——=—= =»«== 


■■=V\ B»S= 




THT3' PIM ]l/.il_,„TiiIO 
-CeNNEGT-l©!*- 




















> 


















I 
■c- 


1 

o 
oc 
o 


















































































11 B 
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SECTION VI 
CONNECTOR PLATE WIRING INFORMATION 

Information concerning backpanel wiring for controllers contained in the 
various DMAC Expansion Configuration options is shown in table 6-1. Also 
included are configuration charts for these options to aid in controller card 
insertion. 

The kits include the wired connector plate, the four DMAC expander card 
assemblies, and the connecting cable. They do not include the chassis nor 
the DMAC device controllers, which are purchased separately. Load Lists 
and Pin Lists for the various configurations are also available. 

Table 6-1. Configuration Information 
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DMAC Expansion 
Kit Part Number 


Wired Connector Plate 
Part Number 


966555-0001 
966555-0002 
966555-0003 
960328-0001 
960328-0002 
960328-0003 
960328-0005 
960328-0006 
960328-0008 
216694-0002 
216694-0003 
216694-0004 
216694-0006 
216694-0007 
955156-0004 
955156-0007 


966437-0001 
966437-0002 
966437-0003 
240788-0003 
240788-0004 
240788-0007 
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240788-0010 
240788-0011 
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216695-0003 
216695-0004 
216695-0006 
216695-0007 
240788-0005 
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* NOTES 

1. Kit additionally contains wiring for 3 unassigned BTC kits for user custom applications. 

2. Kit additionally contains wiring for 2 unassigned BTC kits for user custom applications. 

3. Wiring for MHD and FHD controllers is such that eithe 



ler, but not both, kit may be installed. 
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Accessory Kit, DMAC Expander 966555-0003 (A2) 
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Accessory Kit, DMAC Expander 966555-0003 (Al) 



Location 


Ass embly 


Module 


Assembly 


Module 


Location 


A27 










A28 


A25 


961628-0001 


MHD 2 


961636-0001 


MHD 6 


A26 


A23 










A24 


A21 


961630-0001 


MHD 3 


966466-0001 


BTC 1 


A22 


A19 






966464-0001 


BTC 2 


A20 


A17 


961632-0001 


MHD 4 


966462-0001 


BTC 3 


A18 


A15 










A16 


A13 


240644-0001 


TCL 1 


966466-0001 


BTC 1 


A14 


All 






966464-0001 


BTC 2 


A12 


A9 


240646-0001 


TCL 2 


966462-0001 


BTC 3 


A10 


A7 










A8 


A5 


240648-0001 


TCL 3 


240652-0001 


TCL 5 


A6 


A3 










A4 


Al 


1 A nL c n nrtril 




i.1UUJ1-UUUl 


TCL 6 


A2 



6-4 



Digital Systems Division 




216759-9701 



Accessory Kit, DMAC Expander 960328-0001 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


B27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


B28 


B25 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


B26 


B23 


217067-0001 


LP 1 


217070-0001 


LP 2 


B24 


B21 


217073-0001 


LP 3 






B22 


B19 










B20 


B17 


961622-0001 


DDC 1 


961644-0001 


DDC 3 


B18 


B15 










B16 


B13 


961624-0001 


DDC 2 


966466-0001 


BTC 1 


B14 


Bll 










B12 


B09 


966462-0001 


BTC 3 


966464-0001 


BTC 2 


B10 


B07 










B08 


B05 


966462-0001 


BTC 3 


966466-0001 


BTC 1 


B06 


B03 










B04 


B01 


961626-0001 


MHD 1 


966464-0001 


BTC 2 


B02 



Accessory Kit, DMAC Expander 960328-0001 (Al) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 










A28 


A25 


961628-0001 


MHD 2 


961632-0001 


MHD 4 


A26 


A23 










A24 


A21 


961630-0001 


MHD 3 


961634-0001 


. MHD 5 


A22 


A19 










A20 


A17 


966462-0001 


BTC 3 


961636-0001 


MHD 6 


A18 


A15 










A16 


A13 


240644-0001 


TCL 1 


966466-0001 


BTC 1 


A14 


All 










A12 


A09 


240646-0001 


TCL 2 


966464-0001 


BTC 2 


A10 


A07 










A08 


A25 


240648-0001 


TCL 3 


240652-0001 


TCL 5 


A06 


A03 










A 04 


A01 


240650-0001 


TCL 4 


240654-0001 


TCL 6 


A02 



6-5 



Digital Systems Division 




216759-9701 



Accessory Kit, DMAC Expander 960328-0002 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


B27 216703-0001 EXP 2 

B25 216700-0001 EXP 1 

B23 

B21 966462-0001 BTC 3 

B19 

B17 961632-0001 MHD 4 

B15 

B13 961630-0001 MHD 3 

Bll 

B09 961628-0001 MHD 2 

B07 

B05 961626-0001 MHD 1 

B03 

BOl 966462-0001 BTC 3 


216709-0001 EXP 4 B28 
216706-0001 EXP 3 B26 

B24 
966466-0001 BTC 1 B22 

B20 
966464-0001 BTC 2 B18 

B16 
961636-0001 MHD 6 B14 

B12 
961634-0001 MHD 5 B10 

B08 
966466-0001 BTC 1 B06 

B04 
966464-0001 BTC 2 B02 



Accessory Kit, DMAC Expander 960328-0002 (Al) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 










A28 - 


A25 


240648-0001 


TCL 3 


240654-0001 


TCL 6 


A26 


A23 










A24 


A21 


240646-0001 


TCL 2 


240652-0001 


TCL 5 


A22 


A19 










A20 


A17 


240644-0001 


TCL 1 


240650-0001 


TCL 4 


A18 


A15 










A16 


A13 










A14 


All 










A12 


A09 










A10 


A07 










A08 


A05 










A06 


A03 










A04 


A01 










A02 



6-6 



Digital Systems Division 




216759-9701 



Accessory Kit, DMAC Expander 960328-0003 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


B27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


B28 


B25 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


B26 


B23 










B24 


B21 


966462-0001 


BTC 3 


966466-0001 


BTC 1 


B22 


B19 










B20 


B17 


961932-0001 


MHD 4 


966464-0001 


BTC 2 


B18 


B15 










B16 


B13 


961630-0001 


MHD 3 


961636-0001 


MHD 6 


B14 


Bll 










B12 


BO 9 


961628-0001 


MHD 2 


961634-0001 


MHD 5 


B10 


BO 7 










B0 8 


B0 5 


961626-0001 


MHD 1 


966466-0001 


BTC 1 


B0 6 


B0 3 










B04 


B01 


966462-0001 


BTC 3 


966464-0001 


BTC 2 


B02 



Accessory Kit, DMAC Expander 960328-0003 (Al) 



Location 


Assembly 


Modules 


Assembly 


Module 


Location 


A27 










A28 


' 


A25 


961630-0001 


MHD 3 


• 961636-0001 


MHD 6 


A26 




A23 










A24 




A21 


961628-0001 


MHD 2 


961634-0001 


MHD 5 


A22 




A19 










A20 




A17 


961626-0001 


MHD 1 


961632-0001 


MHD 4 


A18 




A15 










A16 




A13 










A14 




All 










A12 




A09 










A10. 




A07 










A08 




A05 










A06 




A03 










A04 




A01 










A02 





6-7 



Digital Systems Division 




216759-9701 



Accessory Kit, DMAC Expander 960328-0005 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


B27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


B28 


B25 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


B26 


B23 


217073-0001 


LP 3 






BE4 


B21 


217070-0001 


LP 2 


966462-0001 


BTC 3 


B22 


B19 


217067-0001 


LP 1 






B20 


B17 




PORT B 


966464-0001 


BTC 2 


B18 


B15 




PORT A 






B16 


B13 


961646-0001 


PADDLE 


966466-0001 


BTC 1 


B14 


Bll 










B12 


B09 










B10 


B07 








* 


B08 


B05 










B06 


B03 










B04 


B01 










B02 



Accessory Kit, DMAC Expander 960328-0005 (Al) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 


966462-0001 


BTC 3 


A28 


A25 






A26 


A23 


966464-0001 


BTC 2 


A24 


A21 






A22 


A19 


966466-0001 


BTC 1 


A20 


A17 






A18 


A15 






A16 


A13 






A14 


All 






A12 


A09 


966462-0001 


BTC 3 


A10 


A07 






A08 


A05 


966464-0001 


BTC 2 


A06 


A03 






A04 


A01 


966466-0001 


BTC 1 


A02 



6-8 



Digital Systems Division 




216759-9701 



Accessory Kit, DMAC Expander 960328-0006 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


B27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


B28 


B25 


216700-0001 


ZXP 1 


216706-0001 


EXP 3 


B26 


B23 


217067-0001 


LP 1 


217070-0001 


LP 2 


B24 


B21 


217073-0001 


LP 3 






B22 


B19 










B20 


B17 


961622-0001 


DDC 1 


961644-0001 


DDC 3 


B18 


B15 










B16 


B13 


961624-0001 


DDC 2 


966466-0001 


BTC 1 


B14 


BU 










B12 


B09 


966462-0001 


BTC 3 


966464-0001 


BTC 2 


B10 


BO 7 










B0 8 


B05 


966462-0001 


BTC 3 


966466-0001 


BTC 1 


B0 6 


BO 3 










B0 4 


B01 


240644-0001 


TCL 1 


966464-0001 


BTC 2 


B0 2 



Accessory Kit, DMAC Expander 9606528-0006 (Al) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 

A25 240646-0001 TCL 2 

A23 

A21 240648-0001 TCL 3 

A19 

A17 966462-0001 BTC 3 

A15 

A13 250644-0001 TCL 1 

All 

A09 240646-0001 TCL 2 

A07 

A05 240648-0001 TCL 3 

A03 

AOl 240650-0001 TCL 4 


A28 
240654-0001 TCL 6 A26 

A24 
240652-0001 TCL 5 A22 

A20 
240650-0001 TCL 4 . A18 

A16 
966466-0001 BTC 1 A14 

A12 
966464-0001 BTC 2 AlO 

A08 
240654-0001 TCL 6 A06 

A04 
240652-0001 TCL 5 A02 



6-9 



Digital Systems Division 




216759-9701 



Accessory Kit, DMAC Expander 960328-0008 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


B2 7 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


B28 


B2 5 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


B26 


B23 










B24 


B21 


961622-0001 


DDC 1 


961644-0001 


DDC 3 


B22 


B19 










B20 


B17 


961624-0001 


DDC 2 


966466-0001 


BTC 1 


B18 


B15 










B16 


B13 


966462-0001 


BTC 3 


966464-0001 


BTC 2 


B14 


Bll 










B12 


BO 9 


961622-0001 


DDC 1 


961644-0001 


DDC 3 


B10 


BO 7 










B08 


BO 5 


961624-0001 


DDC 2 


966466-0001 


BTC 1 


B0 6 


B0 3 










B0 4 


B01 


966462-0001 


BTC 3 


966464-0001 


BTC 2 


B0 2 



Accessory Kit, DMAC Expander 960328-0008 (Al) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 










A28 


A2 5 


966462-0001 


BTC 3 


966466-0001 


BTC 1 


A26 


A23 










A24 


A21 






966464-0001 


BTC 2 


A22 


A19 










A20 


A17 










A18 


A15 










A16 


A13 


966462-0001 


BTC 3 


966466-0001 


BTC 1 


A14 


All 










A12 


A09 






966464-0001 


BTC 2 


A10 


A07 










A08 


A0 5 










A06 


A03 










A04 


A01 










A02 



6-10 



Digital Systems Division 




216759-9701 



A2 Not Used 
For 216694-0001 



Accessory Kit, DMAC Expander 216694-0001 (Al) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


A28 


A25 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


A26 


A2 3 


216779-0001 




216782-0001 




A24 


A21 


216785-0001 




216776-0001 




A22 


A19 


216773-0001 




217070-0001 


LP 2 


A20 


A17 


217073-0001 


LP 3 


217067-0001 


LP 1 


A18 


A15 


216827-0001 




216830-0001 




A16 


A13 


216821-0001 




216824-0001 




A14 


All 


216815-0001 




216818-0001 




A12 


A09 


216809-0001 




216812-0001 




A10 


A07 


216803-0001 




216806-0001 




A08 


A05 


216797-0001 




216800-0001 




A06 


A03 




Port 2A 




Port 2B 


A04 


AOl 






Port 1A 


1 


Port IB 


A02 



6-11 



Digital Systems Division 




216759-9701 



A2 Not Used 
For 216694-0002 



Accessory Kit, DMAC Expander 216694-0002 (Al ) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


A28 


A25 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


A26 


AZ3 




PORT 2A 




PORT 2B 


A24 


A21 




PORT 1A 




PORT IB 


A22 


A19 










A20 


A17 










A18 


A15 










A16 


A13 










A14 


All 










A12 


A09 










A10 


A07 










A08 


A05 










A06 


A03 










A04 


nvfi 










A AT 



6-12 



Digital Systems Division 




216759-9701 



A2 Not Used 
For 216694-0003 



Accessory Kit, DMAC Expander 216694-0003 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


A28 


A2 5 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


A26 


A23 


217067-0001 


LP 1 


217070-0001 


LP 2 


A24 


A21 


217073-0001 


LP 3 






A22 


A19 




PORT B 






A20 


A17 




PORT A 


966464-0001 


BTC 2 


A18 


A15 










A16 


A13 


966462-0001 


BTC 3 


966466-0001 


BTC 1 


A14 


All 










A12 


A09 


961626-0001 


MHD 1 


961632-0001 


MHD 4 


A10 


A07 


961622-0001 


DDC 1 


961644-0001 


DDC 3 


A08 


A 05 


961628-0001 


.MHD 2 


961634-0001 


MHD 5 


A06 


A03 


961624-0001 


DDC 2 






A04 


A01 


961630-0001 


MHD 3 


961636-0001 


MHD 6 


A02 



6-13 



Digital Systems Division 




216759-9701 



A2 Not Used 
For 216694-0004 



Accessory Kit, DMAC Expander 216694-0004 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


A28 


A25 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


A26 


A23 


217067-0001 


LP 1 


217070-0001 


LP 2 


A24 


A21 


217073-0001 


LP 3 






A22 


A19 




PORT B 






A20 


A17 




PORT A 


966464-0001 


BTC 2 


A18 


A15 










A16 


A13 


966462-0001 


BTC 3 


966466-0001 


BTC 1 


A14 


All 










A12 


A09 


240664-0001 


TCL 1 


240650-0001 


TCL 4 


A10 


A07 










A08 


A05 


240646-0001 


TCL 2 


240652-0001 


TCL 5 


A06 


A03 










A04 


A01 


240648-0001 


TCL 3 


240654-0001 


TCL 6 


A02 



6-14 



Digital Systems Division 




216759-9701 



A2 Not Used 
For 216694-0006 



Accessory Kit, DMAC Expander 216694-0006 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


A28 


A2 5 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


A26 


A23 










A24 


A21 


966462-0001 


BTC 3 


966462-0001 


BTC 3X 


A22 


A19 










A20 


A17 


966464-0001 


BTC 2 


966464-0001 


BTC 2X 


A18 


A15 










A16 


A13 


966466-0001 


BTC 1 


966466-0001 


BTC IX 


A14 


All 










A12 


A09 










A10 


A07 










A08 


A05 










A06 


A03 










A04 


A01 










A02 



6-15 



Digital Systems Division 




216759-9701 



A2 Not Used 
For 216694-0007 



Accessory Kit, DMAC Expander 216694-0007 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


A28 


A25 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


A26 


AZ3 










A24 


A21 


966462-0001 


BTC 3 


966462-0001 


BTC 3X 


A22 


A19 










A20 


A17 


966464-0001 


BTC 2 


966464-0001 


BTC 2X 


A18 


A15 










A16 


A13 


966466-0001 


BTC 1 


966462-0001 


BTC IX 


A14 


All 










A12 


A09 


961644-0001 


DDC 3 


966462-0001 


*BTC 3Y 


A10 


A07 










A08 


A05 


961624-0001 


DDC 2 


966464-0001 


*BTC 2Y 


A06 


A03 










A04 


A01 


961622-0001 


DDC 1 


966466-0001 


*BTC 1Y 


A02 



*BTCY Assigned to DDC Controller 



6-16 



Digital Systems Division 




216759-9701 



A2 Not Used 
For 216694-0008 



Accessory Kit, DMAC Expander 216694-0008 (Al ) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


A28 


A25 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


A26 


A23 










A24 


A21 




Port 1A 




Port IB 


A22 


A19 




Port 2A 




Port 2B 


A20 


A17 










A18 


A15 




Port 3A 




Port 3B 


A16 


A13 




Port 4A 




Port 4B 


A14 


All 










A12 


A09 




Port 5A 




Port 5B 


A10 


A07 




Port 6A 




Port 6B 


A08 


A05 










A06 


A03 




Port 7A 




Port 7B 


A04 


A01 




Port 8A ! 




Port 8B 


A02 



6-17 



Digital Systems Division 




216759-9701 



Accessory Kit, DMAC Expander 955156-0004 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


B27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


B28 


B25 


216700-0001 


EXP 1 


216706-0001 


EXP 3 


B26 


B2 3 


217067-0001 


LP 1 


217070-0001 


LP 2 


B24 


B21 


217073-0001 


LP 3 






B22 


B19 






961636-0001 


MHD 6 


B20 


B17 










B18 


B15 


961628-0001 


MHD 2 


961634-0001 


MHD 5 


B16 


B13 


961622-0001 


DDC 1 


961644-0001 


DDC 3 


B14 


Bll 


961626-0001 


MHD 1 


961632-0001 


MHD 4 


B12 


BO 9 






961624-0001 


DDC 2 


B10 


BO 7 


966466-0001 


BTC 1 


961630-0001 


MHD 3 


B0 8 


B05 










B06 


BO 3 


966464-0001 


BTC 2 


966462-0001 


BTC 3 


B04 


B01 










B02 



Accessory Kit, DMAC Expander 955156-0004 (Al) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 


966466-0001 


BTC 1 


217535-0001 


BOOT 


A28 


A25 










A26 


A23 


966464-0001 


BTC 2 


966462-0001 


BTC 3 


A24 


A21 










A22 


A19 


240644-0001 


TCL 1 


240650-0001 


TCL 4 


A20 


A17 










A18 


A15 


240646-0001 


TCL 2 


240652-0001 


TCL 5 


A16 


A13 










A14 


All 


240648-0001 


TCL 3 


240654-0001 


TCL 6 


A12 


A09 


980 I/O 


I/O 6 


980 I/O 


I/O 3 


A10 


A07 


980 I/O 


I/O 8 


980 I/O 


I/O 5 


A08 


A05 


980 I/O 


I/O 12 


980 I/O 


I/O 9 


A06 


A03 


980 I/O 


I/O 14 


980 I/O 


I/O 11 


A04 


A01 


217217-0001 


I/O EXP 1 


217219-0001 


I/O EXP 2 


A02 



6-18 



Digital Systems Division 




216759-9701 



Accessory Kit, DMAC Expander 955156-0007 (A2) 



Location 


Assembly 


Module 


Assembly 


Module 


Location 


B27 


216703-0001 


EXP 2 


216709-0001 


EXP 4 


B28 


B25 


326700-0001 


EXP 1 


216706-0001 


EXP 3 


B26 


B23 




PORT 2A 




PORT 2B 


B24 


B21 




PORT 1A 




PORT 1A 


B22 


B19 










B20 


B17 


240652-0001 


TCL 5 


240654-0001 


TCL 6 


B18 


B15 










B16 


B13 


240648-0001 


TCL 3 


240650-0001 


TCL 4 


B14 


Bll 










B12 


B09 


240644-0001 


TCL 1 


240646-0001 


TCL 2 


B10 


B07 










B08 


B05 


966464-0001 


BTC 2 


966462-0001 


BTC 3 


B06 


B03 










B04 


B01 


217535-0001 


BOOT 


966466-0001 


BTC 1 


B02 





Accessory 


Kit, DMAC Expander 955156- 


-0007 (Al) 




Location 


Assembly 


Module 


Assembly 


Module 


Location 


A27 










A28 


A25 


966464-0001 


BTC 2 


966462-0001 


BTC 3 


A26 ' 


A23 










A24 


A21 


961644-0001 


DDC 3 


966466-0001 


BTC 1 ' 


A22 


A19 










A20 


A17 


961622-0001 


DDC 1 


961624-0001 


DDC 2 


A18 


A15 


217073-0001 


LP 3 






A16 


A13 


217067 


LP 1 


217070-0001 


LP 2 


A14 


All 




I/O PORT 9 




I/O PORT 10 
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